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INTRODUCTION. 


During recent years a great deal of emphasis has been laid upon 
the use of flytraps as a means of reducing and controlling flies. The 
popularity of trapping is based not only on the immediate results 
obtained, but also upon the claim that many female flies will be 
caught let ane they have laid their first eggs, and that thus the possi- 
ble number of future generations will be greatly reduced. For much 
the same reason it has been urged that trapping flies in the early 
spring is effective in reducing the number of future generations. An 
apparent justification for this method of control was found in the 
published records of experiments and observations indicating a rather 
long period of time between the emergence of the adult fly and the 
first deposition of eggs. 

Entomologists have been aware that these methods of control were 
founded upon a rather meager scientific basis. Comparatively few 
accurate data have been published bearing upon the length of the 
preoviposition period. The necessity of more data on this phase of 
the life history of the house fly was clearly pointed out by Dr. L. O. 
Howard (1911), and upon his suggestion work along these lines was 
begun during the season of 1913. The work has been carried out 
under the general direction of Mr. W. D. Hunter. A few experiments 
on the preoviposition period were carried out by the writer during 
the season of 1913 at Arlington, Va., and others during the spring of 
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1914 at New Orleans, La., at which place Mr. T. E. Holloway rendered 
great assistance. During the summer of 1914 an extended series of 
experiments was carried out by Mr. A. W. J. Pomeroy. After the 
severance of his connection with the bureau at the end of October 
the experiments which he had under way were continued during the 
fall by Mr. J. L. Webb, and during the winter months the writer 
continued the work in the greenhouses of the Arlington experiment 
farm of the Bureau of Plant Industry. 


METHODS USED IN THE PREOVIPOSITION EXPERIMENTS. 


In the experiments to determine the length of the preoviposition 
period (i. e., the time between the emergence of the adult fly and the 
first deposition of eggs) laboratory-bred flies were used. The breed- 
ing was carried out in a systematic way, and several strains or “pure 
lines’? were followed out through five or six generations. Most of 
the strains were started from a small number of larve or pupe found 
in manure piles, and the first flies to emerge from material thus col- 
lected were used as the parents of the strain. In one case, however, 
a strain was started from a pair of flies taken in coitu on July 25, 
1914. Eggs were deposited on August 2, and breeding of this strain 
was continued through six generations. 

The adult flies were kept in small cages. A type of cage found 
very satisfactory for this work was 22 inches high by 12 inches square. 
The framework was of soft pme 1 inch square. The top, bottom, 
and three sides were covered with bronzed screen wire, 16 mesh per 
inch. The fourth side, or front of the cage, was covered with screen 
wire about 8 inches down from the top. Below this was a board 
about 8 inches wide, in which was cut an armhole 5 inches in diame- 
ter. A sleeve of closely-woven black cloth was tacked over this. 
Below the board was fitted a drawer 4 inches deep, in which food 
and material for deposition were kept. Cages of this size were easily 
and quickly handled, and any part of the interior of the cage could 
be easily reached through the armhole, the sleeve preventing the 
escape of any flies during manipulations. The sliding drawer at the 
bottom of the cage made it possible to remove the contents and exam- 
ine them for eggs without permitting any flies to escape. These cages 
were kept on the shelves of a screened insectary and were protected 
from the direct rays of the sun most of the day, but were freely 
exposed to air currents and to the outdoor conditions of temperature 
and humidity. 

Flies were transferred to these cages soon after emergence and 
supplied with food and media for oviposition. The cages were 
examined daily; any dead flies were removed and the sex noted at 
the time of removal. In this way at the end of the experiment the 
total number of males and females was summed up, and the length 
of life of each fly in the lot was known. The manure or other medium 
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was removed each day and examined carefully for eggs. Fresh horse 
manure was supplied each day, care being taken that the manure 
was not fly-blown before it was introduced into the cages. This was 
managed by taking fresh manure from the stables early in the morn- 
ing and keeping it in covered cans until used, and then examining it 
before introducing it into the cages. During midsummer the addi- 
tional precaution was taken of boiling the manure for one-half hour 
before it was put in the cages. When other media were used for 
oviposition the same precautions against previous infestation were 
taken. At the time of the daily examination of the cages, and at 
other times as opportunity offered, observations were made as to 
copulations. As a rule a regular routine of observations was fol- 
lowed out with each lot of flies as long as any of them remained alive. 
In a few cases, however, the flies were killed after the first deposition 
of eggs in order to provide cage space for the new lots of flies emerging. 

When, upon examination of the cages, it was found that eggs had 
been deposited, these were transferred, together with the medium, to 
small breeding boxes. These breeding boxes were of wood and very 
tightly made so that no cracks offered a chance for the escape of migrat- 
ing larve. Boxes of two sizes were used. When the number of eggs 
was small they were bred out in small boxes measuring 8 by 8 by 10 
‘inches, and for larger lots boxes measuring 12 by 18 by 12 inches were 
used. In one end of these boxes was an armhole 5 or 6 inches in 
diameter. Tacked carefully over this was a sleeve of black cloth of 
close weave. This was kept tightly closed with a rubber band when 
not in use. The top of each box was covered with a glass plate. 
Thus any flies could be seen as soon as they emerged. 

As soon after emergence as possible the flies were transferred from 
the breeding boxes to the cages described above. This was done 
by capturing them in vials introduced through the sleeve, or by con- 
necting the armhole of the breeding box with that of the cage by 
means of a glass cylinder. When the breeding box was darkened the 
flies soon found their way into the cage through the cylinder. Some- 
times the puparia were collected from a breeding box before any 
emergence had taken place and put into vials or pill boxes and covered 
with sand. These were put into cages until emergence had occurred. 
After the first lot of flies had emerged the remaining puparia were 
transferred to another cage to obtain a second lot, and so on until all 
had emerged. 

THE PREOVIPOSITION PERIOD. 

The preoviposition period was determined in some 70 experiments 
during the season of 1914. Table I summarizes the results of these 
experiments, most of which are based on Mr. Pomeroy’s notes but 
which include also some experiments by Mr. Webb and the writer, 
carried out during the autumn and winter. They have been arranged 
in the table in the order of the increasing length of the period. 
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Many attempts were made by Mr. Pomeroy to keep isolated pairs 
of fles under as natural conditions as possible in order to obtain not 
only the preoviposition period but also the number of depositions per 
fly and the number of eggs per deposition. The usual methodwas 
to remove from a lot of laboratory bred flies the first pair which were 
found in copulation. After transfer to a separate cage they were 
supplied with food and a medium for oviposition and were kept under 
observation in much the same way as the larger lots. The results of 
the tests with isolated pairs are summarized in Table IT. 

The fact that only 7 out of some 30 tests gave any positive results 
points to the difficulties in obtaining significant data from experi- 
ments performed under artificial conditions. 

The shortest preoviposition period was about two and one-half days 
(Table I, lot No. 1). Mr. Pomeroy’s original notes on this lot show 
that the ‘‘flies emerged some time between August 18, 10.30 a. m., 
and August 19, 9.30 a. m.,’’ at which time they were ‘‘ transferred to 
cage and supplied with banana, water, and fresh manure. Examined 
August 20 at 3.30 p.m. No eggs were found. Fresh manure sup- 
plied. August 21, at 1 p. m., two clusters of eggs were found, 80 to 
90 eggs in each cluster.”” Now, if the flies which deposited these eggs 
had emerged on the afternoon of the 18th the preoviposition period 
was a little longer than two and one-half days. If they had emerged 
during the morning of the 19th before 9.30 a. m. the period was a little 
less than two and one-half days. Other remarkably short periods 
are to be found in the three 3-day periods shown in the table, and in 
the four 4-day records. It is reasonable to suppose that if these short 
periods were found under artificial experimental conditions they 

would be not at all uncommon under natural conditions. 

‘! The longest period was one of 23 days (Table I, lot No. 69). In 
general it may be said that the shortest records occurred in mid- 
summer and that the longer ones were obtained during the autumn 
months. It is true that some long periods were found in summer, 
e. g., a 14-day and a 16-day record in July, but no short records were 
ever found during the autumn months. In other words, the length of 
the preoviposition period is greatly influenced by the temperature. 
‘A study of Table I will show that the arrangement according to the 
increasing length of the period corresponds in a rough way with the 
order of the decreasing mean temperatures of those periods. The 
relation between the temperature and the length of the preoviposition 
period is made clearer in the correlation table (Table IIT), in which 
the columns give the preoviposition period in days and the rows 
represent 2° intervals of temperature. 
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Taste III.—Correlation between the average mean temperature and the length of the 
preoviposition period of the house fly. 
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To represent this relation graphically the average of the average 
mean temperatures for all the records of a given length has been taken, 
and the following figures obtained: 


Length of | Number of Average of the 


period. records. fan eratiies: 
Days. OM 
24 i 82.5 
3 3 80.9 
4 4 79.5 
5 3 79.2 
6 6 74.9 
7 1 78.5 
8 2 doe2, 
9 10 ie 
10 4 67.1 
11 6 65.8 
12 8 68.1 
13 i 67.3 
14 9 63.9 
15 1 66.7 
16 2 68.8 
17 5 65.8 
18 1 59.1 
19 2 62.3 
20 i 63.5 
22 1 61 
23 1 65. 1 


Figure 1 shows the curve obtained by plotting these figures. The 
broken line in the figure is the hyperbole which is the nearest approach 
to the actual experimental curve. If it is true that “‘the curve 
expressing the increase in rate of development is a true hyperbole”’ 
(Peairs, 1914), one must seek for an explanation of the many devia- 
tions from the true curve which are seen in the experimental curve. 
It is of course probable that if the accumulated effective temperature 
for each period were worked out, the resulting curve would-show a 
much closer approach to a true hyperbole. 
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Itis not necessary to point out that there were several other variables 
among the conditions of these experiments. For example, humidity 
is no doubt an important factor, but the lack of complete and accu- 
rate records of the relative humidity prevents making any statistical 
analysis of its influence on the length of the preoviposition period. 


UTAH 
IGT 
TETRA 
UGTA 
ALT 
LTTE 
ULI SMUATITE 
AAS 
ST 


i0 11 12 13 14 15 16 17 18 19 202 


rool 


95 


90 


fo.) 
uo 


fo.) 
ce) 


( Original.) 


oO 
of the house fly. 


fo) 
on 


Average mean lemperature in degrees ce 
(oa) “J 
[o) © 


oe 1.—Curve showing correlation between the average mean temperature and the length of the preoviposition period 


$5 
pay shel aee Period ir days 


It is interesting to note that Bishopp, Dove, and Parman (1915), in 
experiments at Dallas, Tex., obtained a 4-day record at an average 
mean temperature of 87.5° F., while the 4-day records at Arlington, 
Va., averaged 79.5° F. This and other differences between their 
results and those recorded in the present paper may in large part be 
due to the differences in the relative humidity of the two localities. 
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Bishopp, Dove, and Parman are doubtless correct in saying that in 
general ‘‘increased humidity seems to hasten egg laying.’’ 

The present results agree also with the Dallas observations in 
showing that the food supply of the adult flies has an important 
influence on the length of the preoviposition period. Banana, water, 
and manure was found to be a favorable combination in these experi- 
ments. Lack of moisture always proved fatal to flies, and without 
food they die within two or three days. 

Yet temperature, humidity, and food supply are not the only 
factors which influence egg laying. If Table I be examined, such 
apparently contradictory results as an 8-day record at an average 
mean temperature of 72° F. (see No. 20) and a 12-day record at an 
average mean temperature of 76° F. (see No. 39) will be found. 
Mr. Pomeroy has suggested, and the writer is strongly of the opinion, 
that the kind and quality of the larval food is partly responsible for such 
apparent discrepancies. It is a well-known fact that the amount and 
kind of larval food have a marked influence on the size of the resulting 
adult flies, and there is no reason to doubt that the physiological 
activities of the adult are likewise affected. It appears in Table I 
that most of the shorter preoviposition records were obtained with 
flies which had been bred from larve fed on moist bran or a bran- 
manuremixture. From media which fermented less actively than these, 
or which were allowed to dry out, or were too small in quantity, the re- 
sulting flies were not only small but often failed to oviposit at all 
and usually lived a shorter time than large flies under the same con- 
ditions. Some larve bred exclusively on rotten potato produced a 
small race of flies which did not oviposit, due perhaps to the pre- 
ponderance of starch in their diet. Griffith (1908) observes that 
small flies are incapable of reproduction. 

In the experiments with isolated pairs of flies only 7 out of 30, or 
about 24 per cent, gave any positive results as regards the deposition 
of eggs. In the other experiments where a number of flies (8 to 200) 
were used in each lot, 70 out of 110, or about 63 per cent, gave positive 
results. It is possible that this may be accounted for by what may 
be called a psychological factor. The habit of the adult females of 
associating in large numbers in one favored spot in depositing eggs has 
been previously pointed out (Bishopp, Dove, and Parman, 1915), and 
it is probable that the isolation of a pair of flies is an abnormal con- 
dition which has its inhibiting effect. 

As regards the number of depositions, the Arlington observations 
again agree with those made at Dallas in that it was impossible to 
obtain more than two lots of eggs from a single female, but this does 
not prove, of course, that under normal conditions the adult fly can 
not oviposit oftener. Griffith (1908) gives no details of experiments 
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or observations in support of his statement that the fly repeats the 
process of egg laying at intervals of 10 to 14 days till four batches 
have been laid. The largest number of eggs per deposition in these 
experiments was 96 and the smallest 25. 

Recent experiments have placed the knowledge of the preovi- 
position period on a more complete basis and have shown that the 
period is considerably shorter than was previously thought to be 
the case. Dr. C. G. Hewitt publishes the results of experiments per- 
formed by him in England in 1907, in which the period was found to 
be 14 days. Griffith (1908) states that the adult fly can begin to 
lay eggs 10 days after emergence. Bogdanow (1903) publishes the 
results of some breeding experiments with the house fly. In a table 
given in his article it appears that in one experiment the first flies 
emerged on August 12 and the first eggs laid by these flies were found 
on August 18—a preoviposition period of 6 days. 


COPULATION. 


Observations on the copulation of flies were necessarily not con- 
tinuous, but of chance observations there were a large number, and 
they show that copulation may occur as early as one day after emer- 
gence. There are three records oi copulations taking place on the sec- ~ 
ond day atter emergence, and 14 records of copulations on the third 
day after emergence. ‘The greatest number of records fall on the third 
to sixth days, inclusive. Copulations were observed as late as the 
twenty-sixth day, and in an experiment during the winter, when a 
lot of flies was kept in a stable where the air temperature ranged 
from 30° to 60° F., one copulation was observed on the forty-seventh 
day after emergence. The air temperature at the time was 55° F. 
During the autumn a number of copulations were observed taking 
place when the air temperature was 55° F., but no sexual activity 
was ever seen at temperatures lower than 55°. 


LONGEVITY. 


As stated, the daily routine of observations on the various lots of 
flies included the removal of dead flies and the recording of their sex 
and length of life. The experiments during the summer and fall of 
1914 include records of some 3,000 flies. The longevity of these 
flies varied from 1 day to 54 days. The arithmetical mean of all 
these records was found to be 19+ days. This may perhaps be 
taken as the average for both sexes at all seasons. In midsummer 
the length of life is often much less and during the spring and autumn 
months is considerably more. In one hibernation experiment, in 
which flies were kept in a stable at temperatures varying from 30° 
to 60° F., afew lived aslong as 70 days. This record was not included 
in calculating the mean longevity. 
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SUMMARY. 


From the experiments reported in this paper it is seen that the 
shortest record for the preoviposition period was one of about 24 
days and the longest, one of 23 days, with most of the records falling 
on the fourth, fifth, sixth, ninth, twelfth, and fourteenth days after 
emergence. 

It is shown that the temperature has a very decided influence on 
the length of the period. 

Other factors influencing this period are humidity, the kind and 
quality of the food of the adults, and the kind and quality of the 
larval food with its resulting effect on the size and physiological con- 
dition of the adults. In the experiments with isolated pairs of flies 
very few results were obtained, which suggests that the association 
of a number of females in the process of egg laying is the normal 
habit and that isolation has an inhibiting effect. 

Copulations were observed as early as the first day after emergence 
and as late as the forty-seventh day. No copulations have been 
noted when the air temperature has been below 55° F. 

The maximum record for longevity was 70 days, and the minimum 
was one day or less. The average of the records of some 3,000 flies 
was slightly over 19 days. 
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